rich rock increases local field strength enough to alter map readings but not compass direction, should leave the birds reoriented or disoriented. Indeed, at smooth gradients they are reoriented, whereas at irregular ones they are ludicrously disoriented (Figure 3) .
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Sensory reception by mechanically sensitive cells is mediated by an ion channel coupled to a molecular spring [1] . This gating spring is thought to transmit an external force (e.g. from a sound wave or a tactile stimulus) to the ion channel. The force alters the probability of the ion channel being open. This produces an electrical signal that is conveyed to the central nervous system [2] . One such channel has recently been identified as a member of the NOMP-C subfamily of TRP channels [3, 4] . However, the molecular identity of the gating spring remains unknown. We propose that the gating spring is a helix (or bundle of helices) formed by the 29 ankyrin domains of this mechanoreceptive subfamily of TRP channels.
The NOMP-C proteins in the bristle sensilla of Drosophila [3] and in the inner ear and lateral line of zebrafish [4] contain 29 consecutive ankyrin domains (ANK repeats) at their amino termini ( Figure 1A,B) . A similar channel has been identified in worms [3] . Crystallographic studies of a fragment containing 12 ANK repeats revealed a highly regular structure that forms approximately 40% of one turn of a helix [5] . Extrapolation of this structure suggests that 29 ANK repeats would form almost exactly one helical turn. We call this hypothetical structure the 'ANK helix' (Figure 1C) . Third, the ANK helix should be highly deformable and should be able to withstand compression or extension by a factor of two, even though the constituent protein cannot be deformed more than a few percent without yielding [6] . Thus, the ~20 nm long ANK helix should act as a linear spring for compressions and extensions of up to 10-20 nm. From a mechanical point of view, the importance of the arrangement postulated in Figure  1D is that the ANK helices are expected to contribute perhaps most of the compliance of the mechanosensory gating apparatus. This compliance is necessary to allow the channel to fluctuate rapidly between closed and open states such that small deformations of the cell will lead to a graded change in the opening probability.
Our model locates the gating spring on the intracellular side, directly adjacent to the structural elements that are thought to constitute the gate of channels in the potassium-channel superfamily [9] . This location accords with the ultrastructure of the arthropod sensillum, which shows no obvious extracellular compliant elements. By contrast, on the intracellular side of the plasma membrane there are 'membrane-integrated cones' [7] , which connect the plasma membrane to the microtubule cytoskeleton in the tubular body, the likely site of mechanotransduction ( Figure 1E) The promiscuity of the ANK protein-protein interaction domain [15] could allow connection to the microtubule cytoskeleton in invertebrate mechanoreceptors and to the actin cytoskeleton in hair cells. In the case of the hair cell, the channel may connect to the actin filaments via the myosin motors that mediate adaptation [13] . The large number of ANK repeats in a tetramer of ANK helices could provide the scaffold necessary for assembling the large ensemble of myosins hypothesized to form the adaptation apparatus in hair cells [16] , though the binding of the motors will decrease the compliance of the spring.
In summary, we have postulated that the ANK helical bundle forms the gating spring, a compliant element that transmits an externally derived force to the molecular gate of a mechanoreceptive ion channel. In this view, the ANK helix is functionally homologous to the ligand-binding domain of calcium-gated potassium channels [9] . It is possible that the ANK repeats found in other TRP channels [17] are not simply anchoring domains, but play an active role by transmitting mechanical force to the channel's gate. Even ankyrin itself, which contains 24 ANK repeats that likely form a nearly complete helix [5] , may function to transmit tension from the cytoskeleton to ion transporters so that ion flux across the plasma membrane can be regulated by the mechanical state of the cell.
